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Fire

and Radiation Safety

Get New Emphasis From

NASA’s mission success starts with safety.
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A Navy fire-fighting instructor
leads ¥irefigh?ers in battling o
Class Bravo (oil-fed) fire during a
military training session. Both
NASA and the military put great
emphasis on being prepureg for
various fire hazards, either on
Earth or in space.

s crews from the “One thing we expect to invest further in is research
United States 0N space radiation and its potential impact on humans,
and its partners Erickson continues. She also expects that in addition
assemble the  to making space travel safer, the fire and radiation
International Space Stationstudies will find beneficial applications on Earth.

(ISS), the casual observer Fire

may miss an underlying ) . i
emphasis on safety that Until recently, most of OBPR’s interest in fire

" makes the work sometimesWas in using microgravity as a research lab for insight
appear effortless. that_ mlght improve combustlon systems on Earth.
. , , While this remains a highly valuable line of work,
Safety is NASAS _ OBPR has new emphases on studying how fires start
_ _ number-one core value,” 504 propagate in microgravity and how they can be
says Kristen Erickson, deputy associate adm'”'StratéB'Etinguished quickly and safely. The subject is far

for management in the Office of Bi’ological and  more complex and subtle than campers pouring water
Physical Research (OBPR), NASAs newest enter- , the fire until the flames and sparks disappear.

prise. “One of the things we are trying to instill is that )
safety has to be a state of mind. You can't just put up To grapplg with the challenge, NASA held a .
a bunch of posters.” Erickson previously was head &orkshop dedicated solely to spacecraft flammability

the space shuttle’s budget office and program evalySsues at Glt_enn Res_earch Centgr (GRC), NA.SA,S lead
ation, where flight safety had the highest importancgemer for microgravity combustion research, in June

“s0 you can see why I'm such a zealot,” she explair%t.ml' Par_ticipants at this first \_/vorkshop of its ki_nd in
15 years included representatives from the National

While the general public may be concerned ab%gtitute of Standards and Technology, the Naval

safety in space <_)nly after an accident or a catastropgga e arch Laboratory, Sandia National Laboratories,
NASA has ongoing commitments to ensure that wtaA

X : o cpd universities, as well as from NASA. Attendees
equipment does not fail on the ground or in flight an L dressed fire i d materials fl bilit
to reduce occupational hazards for ground and fligh? Ire prevention and materiais flammapility,
crews. Supporting research on in-orbit fire prevention, oke and“ fire detection, and fire and postfire
detection, and extinction and on the effects of spacéesponse. We wanted to assess the state of the art o
radiation and shielding is one way NASA meets theSBacecraft fire safety, determine the knowns and
commitments. Fire and radiation safety are linked by"knowns, and identify specific research needs,” said
a common need: to further our understanding of ba&@ry Ruff, of GRC, who chaired the workshop.
science and use it to develop advanced materials. Fire The first, most important step that can be taken,
is a violent chemical reaction, as oxygen combines whenever possible, in fire safety is to select materials
with other materials to produce smoke, heat, and  that don't burn easily in low gravity. NASAs Marshall
deadly chemicals. Radiation involves Space Flight Center has a Materials

high-energy particles (as well as X- Combustion Research Facility

rays and gamma rays) that car that tests materials against a

have devastating, even dead’ range of industry and NASA

effects on living beings. . standards. Because it is
L.__.— a |

NASA wants to apply the impossible to eliminate all

results of research in basic ar. combustible materials. such as
ﬂgggfgssfﬁgemncsatcohrel??lhjtcfierst? escientis the paper on which flight plans and
: ’ *>Research has shown that the way o procedures are written or the plastics

must understand and fully define the fimgteriql such as polyurethane _ ;
and radiation problems, and then they foam burns in regular gravily and that are used in almost everything, steps

must tackle new designs to mitigate oiair (o) is no indication of how it /SO Must be taken to ensure that a fire
eliminate them. OBPR wiill p|ay a key will react in mi(rogruvi*y andan Can be detected and ethnnghed while
role in doing both. atmosphere of enriched oxygen (b). protecting the crew and equipment. 1SS
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fire detectors, developed through experiments sponin this new direction with
sored by OBPR'’s Physical Sciences Division and cdine Water Mist experi-
ducted on the shuttle, look for smoke particles ment.

sparkling in a laser beam. To fight fires, the crew is “We are trying to
supplied with portable fire extinguishers (which dis- ,nqerstand the fundame
pense carbon dioxide) and portable breathing appargsls " says Frank

tus. NASA wants a nontoxic suppressant that does QE‘ﬁowengerdt, director of
foul the life support system or require extensive  ha Center for Commercia
cleanup. The workshop recommended conducting Applications of Combustior
microgravity experiments, in addition to continuing Space (CCACS), a
those in ground-based facilities, on items likely to  NASA commercial space
burn in space. Research is also needed in computasanier [ocated at the
tional flow dynamics to understand where a fire goesjorado School of Mines
inside a compartment in microgravity, how fire-fightingpe \want to understand
agents are transported, and how the agents interach,q fire extinction \

with the air and fuel. depends on water particle . 1 | T
“One thing that came out of the workshop was size, water concentration,
new roadmap for spacecraft fire safety research,” Rdfbplet distribution, and
says. “After the workshop, we revisited our existing radiation from the fire.”
research projects and plans to make sure we didn'tThe CCACS is part of
miss anything and shift some priorities. It really = OBPR’s Space Product
helped us define and focus our current research betevelopment program.
The results of the workshop are refocusing existingWater Mist is a different

projects and will affect future NASA Research approach for the center,
Announcements (NRAs) with regard to combustion since the CCACS was
sciences. established to develop

improved combustion
Combustion (ube! Combustion tube .
———  technologies, not to study

Ultrasonic B (mist section) (dry section)
Generator : ;

To CM-2

s S N vesse how to stop fires.

;§ o Photodiode array 2 _.Ph::ucd;:ii::er:ye“l :AWhen We fil’st Set up 1

g gl Lok (o) this center, Tom

£ g Festedsienpume Toom2 [McKinnon, a CCACS .

S L s Chromatogra . . . m

< oo St chemical engineer,] said 2

] ameras

& ki he had always puzzled °
i
3

over just exactly how
. _ water puts out a fire,” Says .. o ence of photos shows a standard fire suppression test
In the past, several shuttle missions carried exggchowengerdt. “Five years f ’rheiEC Water Mist System af the Fire Training and Research
iments to examine the microscale physics and cherago, he wasn't taken seri- (enter in Arvada, Colorado. A clearly visible cloud of mist descends
istry of combustion under low-gravity conditions,  ously. Another federal ~ over the flames, putting out the fire quickly and efficiently. The
where convective flow is nearly eliminated, clarifyingigency said they did somef‘cff‘z‘ fif'ﬂ”ef‘{ "‘ﬁ’] er d*’,"Pl"lJ’ lzes ‘Td ‘0?‘;’}:‘“*'?"‘ are
the view of what is happening. The ISS is expectedrasearch three to four year§s ed o defermine fhe optimal parameters of fhe system.
host a broader range of combustion experiments owego and gave up. But they did it the wrong way,
the next 10 to 15 years. Attention now is shifting to through crude trial and error.” McKinnon persisted
understanding the physics and chemistry of puttingand developed more analytical experiments and mod-
out fires for applications on Earth as well as in orbitels. He is now the principal investigator for Water
The space shuttle’s Research-1 mission (STS-107, Mist. “Without doing the fundamental science you
scheduled for launch in 2002) will take the first stepdon’t make advances,” Schowengerdt continues. “You
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A schematic diagram of the apparatus for the Water Mist project




Microgravity Science Laboratory-1

FII‘E In Space (MSL-1) showed two droplets pushed

_ apart by their exhaust gases, then literally. “We’re looking a’F a Iqt of diffgrent things
The extreme reduction of buoyang.awn together as oxygen was depletet&'at we can do far better in microgravity,”
cy in the microgravity environment ofyatveen the drops and combustion Schowengerdt explains.

orbit means a fire's hot products no e on the facing sides of the droplets.  Water Mist will employ a small nozzle to spray
longer rise, and cold air no longer Also on MSL—1. the Structure of Water into a chamber through which the flame will
sweeps in to take their place, thus Eame Balls at Low Lewis-number | Move. “We're not talking here about sprinkler systems

sharply reducing the magnitude of th SOFBALL), investigated small fire- | that everyone has,” Schowengerdt says. Because a

%ﬁ};gg Ra:zr?gsa:;%?js SCSES!@ ;g yalls that form when a spark arcs | high-pressure water line would be difficult to set up in

! rough a lean fuel-air mixture. the confines of the experiment module, ultrasonics
thﬁust prOdUd‘?]E? diffuse Ouctj"‘(art‘:] aNithough they are the weakest knowjnbreak the water into droplets about 10 microns in
resh oxygen diiuses inward Is the diameter. “You probably couldn't use that in a real sit-
best-known result of a long series Offlames (@il 2L R s, Uity g y

3 : usually lasted for minutes, often uation, because high pressures are needed,” says
space combustion experiments con- ’

longer than the experiment runtime.| Schowengerdt. For fundamental experiments, though,

ducte.d'abpard U.S. space shuttles aﬁ‘f?e implication for fire safety is that | the mist should be sufficient. From this, scientists
Russia’sMir space station. Such stud:

. ¢ LNy fuel gases in a spacecraft could be | could start to develop methods to optimize water

ies promise to let scientists and ENY%anited and drift across a cabin, unde-sprays for different types of fires. The CCACS also is

neers fine-tune the design of ENYINESe cted, for several minutes. Space telstooking at additives that would keep the water from

5@ L ey DU 1) e efﬁmentlying of some materials, such as plasticsonducting electricity. Following STS-107,

and produce fewer toxic by-products. widely used in flight hardware, has | Schowengerdt hopes to do extended experiments
Several discoveries about the  started, as described in “Flammability aboard the ISS.

physics of combustion have been  Results fromMir,” in the Spring 2000 The CCACS'’s work is getting attention from

made in recent NASA experiments. issue ofMicrogravity Newsand potential terrestrial users, including the Federal

The Fiber-Supported Droplet “Revolution in the Making,” in the Aviation Administration, the U.S. Navy, computer

Combustion experiment on the Winter 1998 issue. system operators, and even restaurants. NASA also is
interested in Water Mist as part of a larger investiga-

The ShUde@ Of F|ume BCI“S Oi’ |.0W lewis-number (SOFBA“.) tion into fire safety aboard Spacecraft_
investigates small fireballs that can ignite in the lean fuel-air L.
mixture inside spacecraft. While weak (1 watt versus 50 watts for R ad 1ation

a birthday candle), fhe¥ can last for several minutes and are very

credit: NASA

difficult to defect. The fireballs in the Eidure are visible only The Ia.test NRA is looking at protectiorj from one
because they were captured in the dark by cameras with image of the earliest-known space hazards. Radiation brings
intensifiers. a different set of complexities and subtleties to the

- - : problem of protecting crews. “Empty” space is heavily
might get lucky in a trial-and-error approach, but yoy,yeled by radiation that can sicken or kill any known
might spend a lot of money on it.” life-form. While ISS crews are relatively shielded by
Schowengerdt and his colleagues want to kno i

the absolute minimum required to put a fire out so t
cleanup is easier, postfire damage is reduced, and
flight crews are exposed to fewer toxic by-products,
Scientists are returning to teaas the ideal suppressa

Water droplets have more surface area than a
stream of the same volume straight out of a hose.
Droplets can absorb more heat and coat more fuel.
But exact details of the physics and chemistry rema
elusive, largely because the reactions happen so
quickly in Earth’s gravity. Droplets settle, so a con-
trolled, uniform cloud of them can’t be maintained t(
see what happens when the flame interacts with th¢
In microgravity, the drops remain suspended, so a |
ter experiment can be conducted. Therefore,
McKinnon looked to orbit, where experiments can r
slower and with less turbulence. Scientists can thug.
focus on a narrower range of variables and study tHe%

over an extended period of time. The blueprint of life, DNAS double helix (left), is found in the cells of

. verything from bacteria fo astronauts. Exposure to radiation (right)
The CCACS has conducted extensive tests on tj’d?change or disrupt the polymer strands of nucleotides joined ?ogefh-

ground, including some at a drop tower facility at ther, causing dire consequences both to the organism itself and to its
School of Mines. Now it is time to move upward, future generations.
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Credit: Frank Cucinotta, Johnson Space Center, and Prem Saganti, Lockheed Martin




Earth’s magnetosphere, they are more exposed th
people living at sea level beneath Earth’s cushion o
air. Crews that travel to Mars will be exposed far
longer than the Apollo crews going to the Moon —
years instead of days. The agency also wants radi
issues addressed openly by managers and astrona
alike: “We are very much concerned that the acceptal
of risk is an important ethical issue that gets revisit
continuously,” Erickson says.

Like fire safety in space, OBPR is working sim
taneously to define the problem in full even as it
works on possible solutions. Its Strategic Program
Plan for Space Radiation Research outlines a com
hensive approach to develop these solutions. In ad
tion, NASA works closely with the National Resear
Council of the National Academy of Sciences and
with the National Council on Radiation Protection a
Measurements to maintain updated guidelines from
the scientific and radiation protection communities.

60

— Aluminum
— = Regolith

Mg hydride
——— Water
Polyethylene
LI hydride

s0f

40

\
.
30 N ~
.

—-_——
———ac

20

L.C. Simonsen

* L
cSv/yr, stands for centisievert/ year,
a measure of radiation exposure

20 30
Shield amount, g/cm>

5-cm dose equivalent rate, cSv/yr”

credit:

10

0 10 40 50

Materials with smaller mean atomic mass, such as lithium (Li) hydride,
make the best shields for astronauts. The materials have a higher density
of nuclei and are better able to block incoming radiation. Also, they
tend to produce fewer and less dangerous secondary particles after
impact with incoming radiation.

From an enterprise perspective, radiation protect
is truly a cross-disciplinary, cross-division problem
that touches life sciences, space biology, and the p
ical sciences. To systematically study the biological
effects of space radiation, NASA has been developi
a new ground-based space radiation simulation facil
the Booster Applications Facility. The facility, which
is expected to be commissioned in 2003, is being b
in collaboration with the Department of Energy and
will utilize high-energy accelerators at Brookhaven
National Laboratory. When the facility is fully opera
tional, atoms of various elements will be stripped of]
their electrons and accelerated to high velocity to p
duce the full range of particles and energies that ar
present in space.

Ground-based studies in already-existing faciliti
have shown that the effects of space radiation are

The ABCs —
and Xs and Zs —
of Radiation

Alpha and beta rays are particles. Gamma rays are
tromagnetic radiation, like X-rays but at higher energies
Health physicists worry most about HZE cosmic rays, th
with high mass (Z stands for atomic number, which also
implies mass) and energy (E). They have two principal
sources, the Sun and the galaxy.

Solar Energetic Particles (SEPSs) are largely high-ent
protons, naked hydrogen nuclei. Radiation from a solar
can be debilitating or even fatal in an unshielded expost
Galactic cosmic rays (GCRs) come in a wide variety of
naked atomic nuclei spewed from supernovas or from d

pummeled by older cosmic rays. Most are made of lightt

weight stuff, about 85 percent hydrogen (Z=1) and 14 pe
helium (Z=2) nuclei. The remaining 1 percent are mostly
heavier, stable elements. The heaviest element that is s
ciently abundant to be of concern for radiation protectio
iron (mass around 56), although traces of all stable elen
have been observed in GCRs. The median velocity of th
GCRs is approximately 95 percent of the speed of light
(corresponding to the velocity of a proton with an energ)
2000 MeV). The radiation content changes with the solzs
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cycle. At sunspot maximum, the expanded heliosphere mod-

erates GCRs, but emits more SEPs.
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of radiation

derblock wall, a cos-
mic ray hitting metal
shatters the target

nucleus and igself {I :EE:T:EIES
shattered. Although —% it
the total energy

remains the same, tl Beta particles

interaction showers fast electrons
secondary and tertia

particles, some of Gamma rays

which produce
gamma rays. All in
all, it is a messy bus
ness.
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significantly different from the effects of X-rays andthrough a coiled DNA molecule, can easily break it in
other radiation types common on Earth. The high- more than one place. A study of the size of the broken
energy charged particles of space radiation, threadipigces has led to a new understanding of how DNA
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winds itself up for storage in the cell. Another way i~
which space radiation can be seen to be different i<
enhanced “genomic instability,” a result of irradiating -
living cells that leads some of the dividing daughter == &%
cells, as many as 10 or 20 divisions later, to changéw ...~
the direction of becoming cancer cells, at a rate mu...,
greater than the control cells.

Because of these and other dangers to human.
space travelers, radiation in space must be avoidec
much as possible. At present, exposure to radiation
reduced in one of two ways: the use of “shielding” * =
materials interposed between humans and the exter'ri?p S ' '
radiation to attenuate its intensity, and careful timingean types of radiation are dangerous to the body because they col-

o > S - Jide into cells with an effect similar fo the above image of a debris
of space activities to coincide with times when radiag |oft by gn iron nucleus slamming through plastic. The impact

tion is least intense. breaks up ¥he incident particle into smullercFuri)igles that can then
To build a better shield, NASA must understandPenetrate and damage the cell and surrounding fissue.
fully what happens when radiation strikes different means introducing materials that interpose their atom:

materials, including flesh. (See sidgbgr titled “The  petween the crew and the outside. Atoms are largely
ABCs — and Xs and Zs — of Radiation.”) “We nee¢mpty space, with electrons spinning around a nucleu
to know the interaction with a spacecraft and its  |ike remote planets circling a sun. Incoming cosmic
shields, and also what happens after particles get rays will be slowed down by friction with the elec-
through something,” says Michael Wargo, materials {rons and, every once in a while, they may hit a nucle-

science discipline scientist of OBPR's Physical 5 although there is plenty of room for cosmic rays to
Sciences Division. “Materials science is responsibleniss “solid” matter.

for [addressing] one part of the problem. We are Ideall Id like all the i . .
approaching on two fronts. We need models and com- eally, one would like all the incoming cosmic

puter programs to predict. And we need experimentr ys o lose S0 m_uch energy in the shielding material
to validate and to improve models and programs.” that they_ stop |n_3|de of it Unfort_unately, the amount

) of material required to stop the lightest and fastest
A workshop at Lawrence Berkeley National  nayticles — their “range” — requires an amount of

Laboratory (LBNL) in 2000 developed a roadmap tQnaterial much greater than anything that can be car-
plan a tractable solution to the problem. lts findingsyieq on a spacecraft. In addition, the heavier cosmic
are incorporated in "Materials Science: Ground-Basgfs that do collide tend to break up into lighter piece:

Research Opportunities in Biomaterials and Radiatigi, the same velocity and, therefore, with greater
Shielding” (NRA-01-OBPR-05), released August 24%‘range.”

2001. - . .

. ] i Still, biologically, slowing down some types of
There are three things we need to know,” saysosmic rays makes them more damaging, so it is
Walter Schimmerling, of NASA headquarters, who preferable to have these collisions. Conversely, slow-
developed the strategic plan and is a principal authify gown the heaviest cosmic rays sometimes results

of the roadmap. “First, we need to be able to predic, |ess biological damage. Thus, the evaluation of
the risks, like possible health effects, that are likely ije|ding effectiveness is a complex issue that

occur and the percentage of the time that they will depends very much on the actual composition of the
occur. Second, we must reduce the uncertainty of rigijiation. Schimmerling credits NASA's Langley

We need precise predictions. Third, we have t0 m0Gesearch Center for work in the late 1980s on radia-

erate the risk.” tion transport calculations that showed that materials
Radiation protection will involve a series of stephiat contain a high proportion of hydrogen make the
not a single solution. “One way [to limit the risk of best shields. One of the most practical materials is
effects from radiation] is by timing the exposure,” polyethylene, a polymer chain of carbon atoms, each
explains Schimmerling. For example, extravehicularconnected to two hydrogen atoms — the stuff plastic
activity is scheduled to avoid passages through thegrocery bags and kitchen cutting boards are made of.

South Atlantic Anomaly, a low-altitude portion of the  The most important areas of a spacecraft to shielc

Van Allen Radiation Belts over the coast of Brazil, 5re the crew quarters, galley, and other areas where
where radiation is more prevalent than in other seCyhe crew spends a third or more of their time. (See

tions of Earth orbit. sidebar titled “The Christmas Radiation Brick.”) “But
“Next, you can reduce the amount of radiation you can’t block everything,” Schimmerling continues.
that gets to people,” Schimmerling continues. That “After 40 or 50 percent you reach the point of

credit: NASA
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diminishingreturns.” If a thickness of shielding able to offer equal mission opportunities to all astronauts.
reduces radiation intensity by one-half, adding the In addition to the all-important safety of NASA crews,
same amount only reduces the remaining radiation lbging able to assure longer, multiple missions can
one-half of one-half, or one-fourth. The third layer help NASA realize substantial savings by allowing for
only contributes one-eighth the protection, and so otihe scheduling of fewer crew replacement missions
Therefore, the next level of protection is to understaamtl limiting the size of the astronaut corps that needs
what happens at the biological level when radiationto be maintained. Career limits are also likely to be an
passes through a cell and determine how to help thienportant issue for astronauts, whose hard-won expe-
body’s natural rpair systems. “In the long run, we are rience cannot currently be utilized for more than one
trying to provide soméiomedical intervention,” or two ISS missions.

Schimmerling says. Schimmerling expects that the current revolution
“Complicating the exposure issue is the fact thah biology will allow significant advances. “Can you
not all people react equally to the same dosage,” sayise people a medicine to inspect and repair cells?” he
Francis Cucinotta, of Johnson Space Center’s Life asks. “There are mechanisms in the body that do this
Sciences Directorate. “Younger people are more suakeady. We just don't know how they work or how to
ceptible to damage because they have more years leftness them to undo radiation damage.” But given

for damage to develop, and their cells are still moretime and research — radiobiology research in the
actively dividing to replace themselves. Women are Bibastronautics Research Division and materials
greater risk for radiation-induced cancer because thegearch in the Physical Sciences Division — OBPR
have two radiation-sensitive organs (breasts and scientists hope to find the answer.

ovaries), and a longer expected lifespan.” Dave Dooling

As the revolution in the understanding of biology
continues, it is clear that, eventually, ways will be ¢ o\, infomation on fire safety research in space, look up
found to improve the ability of damaged cells in  ptty.//microgravify.gre.nase.gov/combustion/in ex.hfm#f%o. A copy of
human bodies to repair themselves, to help the bodaterials Science: Ground-Based Research Opportunities in Biomaterials
to rid itself of cells too damaged to be repaired, to and Radiation Shieldin?" (NRA-01-OBPR-05), which includes the roadmap

understand the differences between individuals that solving space radiafion problems, is available at htfp://research.hg.

: o «a.gov/ code _u/nra/current/NRA-01-0BPR-05/ index.hfml. Questions
make some less resistant to radiation than others, Em urr Ruff should be directed to Gary.A Ruff@grc.nasa.gov; for

to develop tools to diagnose changes, such as the MgR| Wargo, michael@microgravify. msad hq.nasa.gov; for Walter
that lead to cancer, much earlier, when the chanceSdifmerling, Wsc/r/mme@mai/./;z.nasa.gav, for Francis Cucinotta,

successful treatment are vastly better. francis.a.cucinotfal@jsc.nasa.gov. For more information on the CCACS,

In the meantime, quantifying the risks and actudl i/ fonww mines e/ rsearch/CACY

exposures better will allow NASA managers to deter-
mine how many missions an individual can safely
make. “What we would like to do in clear terms is be
able to assess within an appropriate margin of safety,
SO every astronaut can have three 180-day missions on
the ISS,” Schimmerling says. That level could be
achieved by older males now, but NASA wants to be

° in her temporary sleep station. “In his garage, he came uf
T h e C h I‘ l S t m a S with this concept of blocks,” explains Cucinotta. “It's just
° ° ° polyethylene — CH. For fire protection, it's wrapped two
Radlatl()n BI‘ICI( times in aluminum tape and Nomex [flame-retardant fabri¢].”

While most kids try to avoid getting a lump of coal in The delivered unit, assembled in JSC clean rooms, costs |ess
their Christmas stockings, astronaut Susan Helms, a memti&n $100,000.

of the ISS Increment 2 crew, got a brick. This was the Helms'’ temporary sleep station was an empty rack pofsi-
Christmas Radiation Brick, a truly American gift, devised byjon in the Destiny lab module. The shielding was wrappedl up
an engineer in his garage applying the results of 20 years & 5 150-pound “brick” for launch, then unfolded in orbit tg
research into nuclear physics and shielding calculations foqyide shielding on three sides. Air ventilation and crew
actual shielding use. The results of this work predicted thaégress requirements restrict how much of the sleep area ¢an
one of the best shielding materials would be polyethylene.e enclosed. Cucinotta says NASA is negotiating with the
Francis Cucinotta, of Johnson Space Center’s (JSC's) Russian Space Agency to add shielding to the sleep statipns J{\%_

Life Sciences Directorate, credits JSC’s Mark McDaniel with the Zarya module, and with tliglian Space Agency to Q) ;

developing a quick, effective way to give Helms extra shieldinggrade Node 3 to serve as a habitat. {-‘u s .
Space Research ean 2001 p —W
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